INTRODUCTION
Historically, pulse propagation in thin cylindrical waveguides has been of interest for applications including the material testing of wires and fibers, l 3 ultrasonic delay lines, 4 medical ultrasonics, 5 and embedded sensor materials/' Propagation of ultrasonic waves in cylinders has been the subject of several investigations, both analytical and experimental. 7-2°In high-frequency and broadband applications, these cylinders may exhibit considerable dispersion when an acoustic pulse propagates through the waveguide. Here, dispersion is the dependence of acoustic guided wave phase velocity on frequency, resulting in distortion of the waveform of a transient plane-wave pulse depending on the axial location. This pulse distortion can make the interpretation of measured waveforms difficult. The present paper combines experimental measurements and analytical modeling to yield a quantitative and integrated approach to address the problem of pulse dispersion in cylindrical waveguides.
The method presented also has significant relevance to the problem of material characterization of these waveguides.
I. PULSE PROPAGATION
While exact 7 -'_ and approximate 1°31 solutions have been used to study the axially symmetric guided wave phase velocity versus frequency relationship in solid cylindrical waveguides, and experimental dispersion measurements have corroborated the theory, 12-15 few studies have been done to assess the capability these solutions yield for modeling actual pulse propagation. The earliest analytical solution, using exact theory, to the problem of axially symmetric pulse propagation in a cylindrical waveguide due to application of a transient end condition can be attributed to Skalak)" A special solution was obtained to the problem of a solid isotropic cylinder with a velocity imparted uniformly to the cylinder end in the form of a step function. 
III. WAVE EXCITATION AND MEASUREMENT
The method by which elastic pulses are launched into the wire specimens and measured after propagatmg the length of the sample is illustrated in Fig. 1 . Similar techniques have been used in other studies of ultrasound propagation in wires) 5 As shown in Fig. 1 Here, dispersion is the dependence of acoustic guided wave phase velocity on frequency, resulting in distortion of the waveform of a transient plane-wave pulse depending on the axial location. This pulse distortion can make the interpretation of measured waveforms difficult. The present paper combines experimental measurements and analytical modeling to yield a quantitative and integrated approach to address the problem of pulse dispersion in cylindrical waveguides.
I. PULSE PROPAGATION
While exact 7-9 and approximate j°'ll solutions have been used to study the axially symmetric guided wave phase ve- properties determined from the phase velocity measurements are used here as input to the pulse propagation model.
III. WAVE EXCITATION AND MEASUREMENT
The method by which elastic pulses are launched into the wire specimens and measured after propagating the length of the sample is illustrated in Fig. 1 media taking E and v as independent properties, or using the numerical method described above and the complete set of five independent properties. The implication is that determination of GET was only of interest in verifying the anisotropy of the media, but this anisotropy has no significant effect on the first longitudinal mode behavior. Since the first longitudinal mode propagation was not sensitive to the exact values for E-rr and G,rr, these were set equal to ELL and GET, Because of the apparent systematic error which occurred at lower frequencies for the 5-mil steel wire (Fig. 5) , not all of the dispersive data available was used in the curve fit.
That the analytical curve fit falls within the range of the error bars of the unused measurements for a rr/2 maximum error in &, indicates that the phase shift error corresponds to less than a quarter of a wavelength. For the 16-mil diameter stainless steel wire (Fig. 4) 
